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Abpiract

Parpess: To suaming the affects of ubiquine! (rednced form of Coenzyme Q10) in leukocytzs,
lungs, diaphrapm, end microcirculetion following hemorrhngic shock (HS)

Design: Experimental

Methods: Ancsthetized rats were bled 1o aduse HS by cemoving 0% of the Blood volume over
&0 minutes. The ratx were resuscltated with bload and lactated Ringet's solttion, with of without
ubiquinol, end menitored for 120 minutes. Lungs and diaphragm were exclied and harvesied for
hydrogen peroxide (Hz04) concentration and apoptosis analysis. Levkocytes were anatyzad for
mitochondrial superoxide (Oz") at baseline, end of shock, and 120 mivutes following Auid
resuscitation. In another set of experiments, leukocyte adherence and mnast coll degranulation
{MCD) was obtained. ¥ascular peomeabilily was assessed and reactive oxygen specles (ROS) in
the venular wally were determined.

Sample: Spragus Dawley male rats were used snd randomly asslgned ta the control or
experimental groups. There were 10 rats per group in each sef of experiments.

Analysis: Btatlstical slgnificances were defined vz 8 p = 0.05, Varlous gpes of nonparametrle
dlatistics wers uged.

Findings: Mitochondzial leukocyte Oy in the control group increaged and there was a 309 rise
at the end of the experiment, as compared (0 ubiquinel group. Similarly, fung and diaphragm
apoptosis in the comtrol group was signifieantly higher. Dlaphragmatic H:Os in the control group
wad alzo significantly higher than the ubiquino] group,  There were slgnlficant differences in
leukoeyts adherencs, the MCD index, vascoler pecmeability nd microclreulation ROE
production between the contral and the ublquinc groups.

ImpHestions for MiHiary Noveing: Ublquinol is a safe and ezsily adiministered supplement that

prevents cellular damape and reperfusion infury following HE. Arenuating damage to ofgrms
with the use of ubiquinal following HS could be nsed in mititary personnel.
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Progress Towards Achlevement of Specifle Al of the Study or Profect

Fludings retated to each specifie alm, research or siudy questions, and‘or kypothesls:
We have completed data collection for all bypathesss related to ATM #1 and ATM #2,

Below |9 the deseription of the completed achlevement of our specific ajims for this grant.
AIM BI: Ta examing the gffect af CoQI Iy leukocytes, the fung, and the dizphragm as &
trewiment for hemorrkagic ghock {715,

Research Hypothesis 1o: Admriststering intravenous (JV) Co(}10 deerenses kukocyte
mitochondria reactive gxygen species (ROS) following HS.

In the lasi 12 months since our Year 2 annual progress report, we completed the
measurements on superoxlds production in feukocyts mitochondria to examine e effects of
intravenous (TV) ubiquinal (reduced form of coenzyme QLO) in n hemorrhapic shock rat model,
A mynopsia of the method 13 as follows: menoclonal antibodies CD45 were used to idendfy
leukacytzs in the whole biood and MitoSox Red reagent to detect superoxide production in the
raitochomdria. Ay reported In the first anoual repory, w¢ adjusted the protoco! to defrost the
Mitelox Red reageni at least 15 minutes before obtainmg samgl es. This sllowed the reagent to
warm {0 room temperature. To preserve Its reactivity, we prepared a new MitoSox Red reagent
wiuking solution from the atock sample eight before we obtained samples et baseling, shock, and
treatment periads. We gated 10,000 CD45 positive c=lls (eukocytex) and collected data on
feukocyte mitochordrial superoxide by measuring mean fluorsscent intensity (MFT) of MitoSox
MIJ

As discussed in annuzl repoct Year 2, Figure | displayn examples of flow cytometry
results of leukocyis mitochondrial supcroxide production at baseline, shack, 2nd fuid
resuscitation with or withowt ubiquinol. In this example, the MF] increased after hemorhagic
ahack end incteased following reperfurion of blood and Lactued Ringer' s (LR, However, the
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administration of TV ubiguincl before reperfusion of the blood apd LR prevented the increass in

superoadds praduction

e eyl -
]!‘ EEHIHN

Daseline Treatment whbhout Ublquinol

Figure 1. Examples of flow cytometry results of leukecyte mitochondrial superoxids production
at baseling, shock, and (uld resuscitation with or withou ubiquinol.

Table 1 displays MF[3 of MitoSox B2d at baseline, following hemonbagie sheck and
Auid raweflation with or withou administering IV ubiquinel.
Table 1. Mean fluoreseent intensity of MitoSox red mt bazeting, shock, and without e with

ublguino] treatment.

W SIS ET0ER SITTLA/LF T g
. FOA W LE BN Lo FTII N BTN
Irx 85910+ 3778 &491.1 + 2658
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Tryetmint fe= g 12279+ 5245 46872 £ 2654

st e I
Data are axpressed as mean + standard error of mean, 0= 10,

As shown In Table 1, leukoeyte milochondrlal superoaide levels in both groups (eontral
va. ubiquinol) st baseline were comparahle {5653.5 £ 3062 va, 5617.5 & 242.3, respectively).
Follewing §0-minuts hemorrhagic shock, lenkncyts mitochondrial mperoxide production
inereaged significantly frotn baseling it both the cootrel (8593.0 = 3728} and ubiguingl (6491.1
+ 265.28) groups. Without edministering [V ubiquine! durlng fluid rauscitation in the control
proup, suptrokide production continued to increase and there wag 30%% of elevatlon af the end of
experiment, a8 compared to baseline. In contrast, superoxidae Jevels reduced in the ubiquinel
group after 1 20-mimate fluid resuscitation period, The lavel was &ven lower than the baseline
level, The differencs in superoxide production et the end of fluid resaschiation between the two
Eroups was statistically significant {p < 0.001)

The dat Indicated that administering [V ubiquinol followlng hemorrhagic shock
facilitated the decresse in the production of superoxide (one of the major reactive oxygrn species
(ROB)) in the mitochendria. Significent reduction 1 ROS production in a hemorrhagic shock
event could potentially altenuate reperfuslon infry induced by fluld resuscltation.

Bgsearch Hynothesls 1h: Administeriog IV CoQ10 redares lung hydregen peroxids and
apoptosle folicwing HS.

We have completed all the experiments related to IV Coid10 administration and lung

apoptosis following bemerrhagic shock with a sarnple size of 10 zats n cach group. We nesd

fluorescent microacopy to determine poclear apnptnsis.’ In these experiments, TV CoQ 10
significantly decreased the mean peroent of lung apotosis following hemorrhagic shock and
fluid resnegitation, Theses data wers published in Experimental Physiofogy, which showed that
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rals treatod with thiquine) had significantly Jess zpoptotic ouclei (p < (,001) than the controls in
the lungs (5.0 = 0.7% versus 59.2 & 1,1%) (Figure 2). Thess findings sugges: that adminiztering
I¥ ublguinal during fluld resuscltation following 60-minute hemorthagic shock detases g
infury measured by percent lung apoptosis.

Fignre 2, Mean percent lung apcptosis following §0-minute hemorrhagic shock and fuld

resuscitation with or without ubiquine! .

P ==
e ——

Ferven] Apbphutic

Contred Lt
* = glgnificantly different from control (p < 0.05), Mean = SEM, o = 10 per group,
Qeseareh Hypethesls 1o Admintstering IV CoQQ10 reduces diaphyagm hydrogen peroxide
and spoptosts followlng HS,

All duta collection for thix specific hypothesin were completed with 10 experiments in
each group (the control and ubiquinclgroups). The mts trested with ubiquinel had significantly
less apoptatic ouclei (p < 0.001) than the control in the diapiragm (4.7 £ 0.5% versus 30.6 £
2.4%3). The Mann-Whitney U test showed that the mean difference in diaphragm apopiosia
between the 1wo groups were siguificaptly ifferent (< 0.001). In oiher words, administering IV

Colti-foltewing homorriaghethock sipnfieantiy-deetesacd diaphmpmrapeptosit-by-neory 6—

times {See Figure 3 below). Data from this se of experiments indicates that adminlstering 1V
ublquinol significan(y attenuateg disphrapm apoptosls following 60-minutes hemorrhagic shock
and flud resuacitation. These findings were similar with those abwerved in Tung apoptosls.
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Figure 3. Mean percent diaphragm epoptosis following 60-minute hemortugie shock and fuid

repuseitation with or without ubiguinol.
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* m ol pifteantly diffesent fromn control {p < 0.05), Mean = SEM, o= 10,

As described In detail in our first annual repart, we were unable bo vse the laser scanting
cytometer a3 planned Lo measure bydrogen peraxlde concentration in the diaphragm due to it
being inoperabls and personnel change in the flow cylametry center. However, we found an
altemative way 10 achisve this gosl, which is laser confocz] microxcapy, In brief, we J1d not
change any of our methods (used dihydrefluworescein discetate (HF luarc-DA) 1o detect hydragen
perxide)’ but only the instrument {from laser scanning cytometst to the laser confocal
nﬁn;nampc} to meammre hydragen peroxide. Sincs then, we continued coltaboration witl: the
confocal microscopy expert in the Live Imaging Coers Laboratory end have successfully
completed all the experiments related to diaphragm hydrogen pesoxide preduction and gbtained
all the images using a Nikon TE 2000-U inverted theee-lazer confors] micrascope system. We

g Nuorescence intensity of Huor-DA

from all the fluorescence images. The higher Auorcscence intenslty measurements, the greater
concentration of hydroges: peroxide was in the diaphregm. These data are unchanged from the
data presented in the szcand snoval report and are illustrated below. Figure 4 displeys exarmples
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of diaphragm sample images captired by & confocal mlcroscope following bemorrhagic shock
and fluid resuscitation with and withowt phiquine! (shown iy Year 1 annual roporl).

Control

Figure 4. Hydrogen peroxide formation in rat diaphragms fellowing 60 minantes of hemorrhagic
shock and fuid resuscitation with & without nbiquinel. A, B, C represent imapes of a rat
dizphregm treated without ubiquine] (A: Confocal bright field, B: Confocal flucrescent imags,
C: Merged bright field and fluorescen: images). D, E, F represent images of & rat diaphragm
treated with ublquinel (D: Cenfocal bright field, E; Confocal fluorcscant image, F: Merged
bright feld and fluorescent images),

The differsnces in dizphragm bydrogen peroxide between the two groups were likewize
tested using the Mann-Whitney U, Statistical sipnificance was defined s p = 0,05, Our data

than 5 times higher then in the ubiquinol group (4,193 + 333, p < 0.001) (Figure 5). The findings
suggest that administering I'Y ubiquinol Following hemorrhagic shock can reducs hydrogen

peroxide production in the diaphragm.

10
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Figure 5 Dlaphragm mean fluorescent intensity of hydrogen perocids in the control and

ubjquing] group.

Maam Hvdegan Farodide Flieiibtehes
i

* = significantly different from control (p < 0.05). Meen + SEM, n =4,
In conclugion, all the gxperiments related to AIM #1 and the theee hypothests szggea

that TV CoCQ10 reduces the productlon of ROS {superoxide and hydrogen peroxide) and

sttenusics celluar infury measured by epopiosls in the lung and dlaphragm following

hemarrhagic shock and fuid resascitation. These date heve been published In Experfmental

Plystology.

AIM 82: To examine e effect af CoQ P In ike micracirculating ay a treatmept for HS.

Rescayeh Hypothesls 2a: Adminlstering 1Y CoQ10 decreanes lenkacyts adheremes following HS.
All of the experimants on leukotytc adherence following hemarbiagic shack and Buid

measured on & 1-pm length of mesenteric venule for one mioute every 10 mimtes tiroughout

the experiment, and recorded an a digital video eoorder. Leukocytes adberense was defined as
the mumber of adhered leukocyles in the vemule that remained statlonary for longer than 10

1
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geconds. Figure 6 {as shown In the second ennnal report} illustrates the number of lenkocyte
adherent in mesenterie microcirculation during 50 minutes of bemonhagie shock and following
fluld resmuecitation with or withowt addnistering Y ublquinol,

e
1y
lhm
an
[ ]}

l
i _—

gy " ol 18
40

ARSI

—_ - . — —

Figare 6, Meen lenkocyte adherence during 60-minuls hemarrhagie shock ad follawing Auid
resnzcitaton with of witheut CoQ10.

Ag seen |z Figure 6, leukocyte adherence at baseline was minimal and compareble
between the control and ubiqulne] groups. During the 60-mlwne hemorrhagic shock perlod, the
numbers of adhetent leukocyiex in both groups gradually increpsad from baseline. Hawever,
teukocoyls stherences in the cantro! proup continued to increase markedly efier fluid
resuscitation without admnistering ubiquinol, In contrast, the trend of Intreased lenkocyte
sdherence during hemorrhagic shock in the ubiguinet group reversed after ndministering v
ubiquinal elong with Auid resuscitation. Purthermors, ublquinol sdministration significantly

reduced leukorytes adherence 1o baszling level. The leukocylc adherence after fluid resuscitation

treatmel in the ¢omizol group was stpnificantly grealer than the Col310 group. These dais
indicate that administering [V CoQd 10 can decreaze levkocyte pdherence in mesentetlc
microcirenlation fallowing hemorrthagio shock and after fluld resuscitation.,

12
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Resesrch Tiypothests Zh: Admindtering 1V CoQ10 decrenses masi cell degranulation

fallowing HS.

Shivee the lagl annvaal report, the experiments celated 1o mast cell degranulation have been
complated. The degree of mast cell degranulation was measured by the upiske extem of
ruthenfum red {an incrganic dyc thal can stafn degranulated mast cells) by mast cells at the end
of hemorrhagle shock and fivid resuscitatlon. At baseline, images of ten intact masl cells
surrounding the |00-um mesenteric venule were obtalned lor cach experiment. At the end of
¢ach experimont, the images of the same t=n mesi cellz wers collecied to compars the degres of
mast cell degranulation

To quantify the degres of masi cell degmnulation, all the images were frxt digltized
grayscales and subsequemly phase Invertzd. The relative light mieasity of each mast cel] withln
the field of view was meamred. The degree of mast call activation was assessed by calculating
the ratlo of experimental 1o baseline ligh intensitiza, Fignre T shows examples of mast cell
images that were digitized grayeeales and phase inverted.

Bright Field

Flgure 7. Example of brighl field and gray scals - phase Inverted mast cell imapes,

13
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A higher mast cell degranulation index (ratio of experimental to eontrol light intensities)
indicaleg a higher degres of man cel] depranulation. Qur data showed that mast cell
degranvlation index in the control group (1.02 4 0.01) was significantly higher than thet in the
ublquinel group (1.36 £ 0,03, p < 0.05) (Figure 8). This suggests that mast cell degranulation in
the animals treated with ubigquinel following hemorthagls shock wes significantly less.
Comesponding with data on lewecyte adherence, these data indicate thal administering [
ubiguine! decreases microctroulation inflammation gs reflected by leukocyte adhersnce and mest
cell degrannlation,

Flgwre 4. Mast cell degranuletion index between the control and ubiquinel groups.

£ Pl by inpralred S-and

CoQ10 Untrested
Research Hypaghesls et Adminbtering [V CoQ1d decreases varcular permenbility
following B,
After we completed the data collection for leukocyis adhersnce and mast cell
degranulation, we staried the expetiments relaled 0 vascelar permeability in micreciroulation.

We bave conducted all of the experiments for this =t with an 5 of six for each group (cantrol,

whiquinol). To measure vascular permesbility, we injected FITC-labeled bovine elburmin (50
mg/kg) via femoral artery cannlation 30 minutes befora examining mesenteric microcirculation.
Using an intenaified charge-coupled device (JCCD) camera, flucrsseence intenslly of FITC-
labeled albumin was recorded at an exciiation wavelength of 420-490 nm and &0 emission

14
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wavelength of 520 nm. The duratlon of each fluprescence recording was less than 15 seconds [n
a gived arta The fluorescence intensity in the s=lected veuule and the surrounding soes was
measured, The vascular pettneability index was calenleted as the ratio of extravascular to
lntavascitar flusrescence i intensities, A higher level of yascular permeability index indicates
an Incrense in vascular permesbility. Flgure 9 demonsteates yascnlar permegbllity imeges of
mesenteric vennles at haseling, shock, 1 hour, and 2 hours post fiuid resuscliation with and
without ublquinal. Ag keen in the figure, 81 baseling, vascular permacability wes relatlve low and
intravascnlar fucrescence inlensity wan much highsr (trighter) than extravascnlar fluorescenca

intenafty.

Conirel Lhigulaool

2-hour Fout
Fiuld Reggeitation

Figure 3, YVascnlar permeghility imeges of mesepteric venlea af bareline, shock, 1 hour, and 2
hours post fuid resuscitation with and without ghiguinol.

[
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Comespanding with other Inflanamatory responscs (leukocyte ndherence and mast cell
degranulatlion} to hemorhagie shock and 1-bour fluid remscliation, the extrvascular
fluorescence intensily statted increasing as vascular permeehility increased, allowing leakage of
FITC-labeled bovine albuhin from Inside of mesentaric vermles into extravascylar spaces, After
2-hour fuid resuscitation, more FITC-labgled bovine albumdn leaked and extravascalar
flunpescence niensdty continued to rise, indicating higher vascular permeabiliy, Table 2
summarizes vazcular permeability index, calculated ax the ratio of sxtravascular 1o the
intravegoutar FITC-albumin flusrescence int=nskty.

Tabde L Vascuiar permeabifity index ed baselineg, after hernosthagic shock, lastly | and 2 hours

after treatment with or without ubiquined.

—_

" Time [ Centrol (=6} I Ublquleol (n=§}
Basellne 0.05 £ 0.02 0. 09+ 0.0} ‘
Shock i 0.17 0,06 1 Dz0o2
"1 Hour Paal Treatmen| 036+ 0.08 (38 = 0.05°
3 Hours Post Treatnient 0.34 + 0,07 0.54 £ 003"

Significantly ditferent from bascline (p < 0.05), ¥Significantly different from the control group
(p < 0.01)
The greater the vascular permeability ta FITC-albumin, the higher is the vascular
—_— pemresbiliy

whiquinol groups were lmliar end relatively low. After 1 honr of bemorrhagle shock, the
vagcular permeability index increased to 9.17 £ 0.0 in the control group and 0.15 £ 0.02 in the

ubiquine! group respectively, indicating an increass in vageular permeability, The differences in

18



Pylbclpad Tnvestigaior (Picres, Tamwed, Chosesn) USLT Project Nomber: M1 14002

vagcular persesbility index betwecn the control and uhiquinol groups at hemorthagic shock
weze not stallitfcally significant {p > §.05). Similar resulls were cbserved at 1 hour after
treatmucnt bn both the contrel and ybiquine! groups as the vascular permeability tndexes
continued to increass slgnificantly relative to baseline (0.36 £ 0.08 va. 0,98 = 0.0%, respectively),
Adminigtration of ubiquinol significantly reduced the increase in vascular permecability st 2 hours
afier treatmeri 1o .34 + .02, which was significantly less than the control group (0.54 & 0.05)
(p < D.01).

Resenrch [iypothesis 2d: Administeriog 1V CoQ10 decreases microvascular ROS lereh
following HS.

The txperiments for thia hypotheeis reloted 1o microvascular ROS production following
hemorrhagic shock were complete. We uged the oxldam-sensitive probs called
dihydrothedamine (DHR) o0 measure ROS levels within mesenteric veoules by using an
intensified charge-goupled device (ICCD) camera. Recordiags of the DHR fluorescence were
made for brief intsrvals {l.e., ~ 15 seconds) to avoid Hght-induced actvation of the probe, The
flucreseenst imtensity was meamired during playback of videotapes by vwing image analysts
software (NIH Image 1.523. The flusrescent intensity signals were measured in five adjacent
circles of 5-pm diameter along the vepular wall. These Auorescent intenelty signals were
averaged 1o obiain & singla estimate for fuorescent gignal during each experimentsl period
(bazeline, shock, and after Muid resuscliadon).

Fizure 1. Effccts of ubiquinol on DHE fluorescence intensity in the mesenteric

mitrecleutation following bemerbagic shock end flutd resusciation. Fluorescent intenstty of

CHR al baszline, shock, and 30, 50, 90, and 120 minutes after luid resascitation in the eonirol

and ubiquine] groups.

it
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As seen in Figure above, DHR flucrescencs intensity along the vemular wall amd
perivascular sitts was minimal af bascling (Figare 10A). Aftet 1-hour hemorrhagic shock, there
was Blightly increased DHR fluarescence imensity along the venular wall, but not at perivascular
cites (Figure 108). During the first hour of Buld resuscitation, signlficantly Increased DHE
Nuoregcence intensity was noticeable &t perivageular sites {(Figurs 10C and 100, This trend
continusd after Y9 mimutes fluid resuschation with maximum ameun of DHR Aucrescence
Irtensity alang the venular wall 2nd perbvascular sttes (Figure 10E). However, CoQ0 decreased
DHR, flunrescence intensity at all shtes sliphtly afier 2 howrs fluld requscitation (Figure 10F). The
cumnlative data of ROS levels estimated by DHR flueregcence intensity al basellne, BS, 30-min,
S0-min, $0-mliy, and 120-min after uld resuscitation in the conteo! and ublguino) groups ere
displayed in table 3,

Tabla 3. The fluorescence intensity at bascline, hemomrhegic shock, 30, &0, 90, and 120 mitutes

after treatment with or witho uhiquinol.

i Tme [ ” Central (n=t5) Ublguinel fo=f) 7

1 Baseline l 100 100

- - |
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| Shock 182" 119
30 Minnfes Post Trestment 235¢ . 7

} 60 Minutes Post Treatment T - 134"

" 00 Mixutes Post Treatment ' 315" o _E_ R
120 Minutes Poat Trestment 343" 159"

+Significantly Efferent from baseline (7 < 0.05). *SigniGeanty difterent from the control gronp
{(p<0Q.0L).

The DHR, flucrescence Infensities et hemonhagle shock end every 30 mindes afier fuid
reguseitation weare axpressed rclative to baseling walus (1{094). The ROS levels in tha contryl
group significantly increased compared ta haseline following fluid resescitation (p < 0.01). The
ROR levels in the ubiquino! grovp at 2 hours after fluid reswmeitation elso sgnificantly increased
to 159 2 35% of baseline {p < 0.01Y, however, il was significantly lees than the control group
(343 £ 479;5.; (p < 0.0}, The data [ndicated thal administering TV ubigquino! aleng with fuld
resuscitation after & hemorthegic shock event decreased microvascular ROS producton This
could potentially reduce microclrentation Injury cauned by reperfosion after hemorrhagic shock.

In tonclusion, all the experiments relmed to ATM #2 and 1be four bypotheses supgest that
TV CoJ10 teduces |sakocyte adberence, mast cell degranulation, vascular permeability, end ROS
levely in microciroulation following bemorrhagle shock end fluid resescitation. These data have
been accepted for publication in Phystafogical Reports.”

——————— Dalationship of current findings ta previous fadings:

AIM BI: To examine the effect of Coldld In lenkecyter, the lung, ond the diaphragm as ¢
tresimant for hemorrhagle shock (HS),
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There was significantly less leveoeyte mitochondrial 0>~ and diaphragm HzO- in the
ubiguinal than the contral group, Nuclef of the diaphragm and hings were measured using
Auorescence microscopy. Apaptosis was reduced in the raty treated with ubiguinol. These
results augoest that ubiquipal may be protective again crgan injury caused from hemorthagle
shock, Oxidative stresx can be decreased in numercus diseaxes with antipxidants,

Antioxidani are prezent in variows compounds and exhibit the possibility to decrease the
damagiog effects of ischemia—reperfusion injury following hemorthagle shock and Auid
resuscitation.™® Ubiquincl is the anly lipld-soluble entioxidant synthesized endogencusly.?
Uhiguinal reduces ROS and assists in creating the proton gradient neaded for the
rephosphoryistlon of ADP to ATP in the mitochandrinl electron transport chailn, """ Ubdquinol
Fustains the membrane potential and stabilizzs parmeability transition pores in the mitochemdria,
as well 21 controls apontosis activation.'? Aovagl (1984) induced | hour of hemorrhagie shock
follawing the adtoinistration of whiquincne and found that the urinary and cardiae outpuas in
canines significartly recoversd better than the control dogs." In another study, ublquinone did
not affect coagulation and muppressed fibrinolysis follawing hemorrhagic shock ™ Yamada
{1990} indueed hemorrhapic shock 60 minutes ollowing the adminixiration with ubiquinane in &
dog model.? Alrway pressures were decreased, lung complBance recoversd, plasma pyruvate,
catecholamines, histamine, and lactats lavels wers reduced. Bince these studies, our
investigations heve beer, the only reported studies of ubiquino! on the generation of ROS or
effects on the apoptosia following HS and Auld remscleation.

Earlier studies supgested that Codd10 is ao antioidant imvolved with the mitochandrial

ATP generation; these stdies are supported Yy our findings. Cellular hypexia is procduced from
hemorrhagic phock and B cascade of events is inftisted which lcads to the release of inflammatory
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cytokinzx, reduced mitochondrial ATP production, and increased &, Hy0; and OH
production,” Release of cytokines from the Ischemlc gut enters the elreulation of the vaseulaturs
via the meszenteric lyroph system followlng resurcitation and reperfusion, Priming end migration
of neutrophils in the heart, kldneys and lungs causing direct local cytotosic injury by the release
of pro-inflammatory mediaters and ROS. Hypoxic conditions cause an increase in cardiac
mitochondria ROS (Kolamunne et al., 2011). Similarly, owr results showed that hemorhagie
shock tnduced hyposda and e production of ROS, this was measured by using MiS0X
Red. "™ Administering ublquinol post hemorthagle shock decreased mitochandrial 0 ensuing
the preservation of mitochondrial membrane inteprity end electron transpeat chain complex
activity, Ceflular apoptosis In reperfuxion injury accurs from tha releace of RO and
inflammatory medisters, Cellular oxygen lnereases when blood fow returns following fuid
resuaciation, causing an fncrease 1n xanthine dehydrogenase production, resuiting in the Inerease
of 07" and H;0; production.”

I our study, we uead blood and lactatad Ringer solution to rexters hisod fow, this was
followed by & decreass of hypoxic cells and this increesed five radical productien that could
damage proteing, DNA, and plasma memlvanes. As Increase i teukocyte mitochondrial O™
and Ha0n comgentration in the disphragm eccurred a1 128 minutes after fluld resuscitation
without uxing ubiquinel. Lower levels of Oy and HxO were & cesult of the seavenged ROS thay
peeurred when ubiquinol was used. Reactive oxygen speciea activaied phapocytes are mediators

of apoptotc and necrotle organ injury.”” The generstion of O, is possibly a result of tha

fnvolvement of leukacyte mitochondria.?! In our study, the MF] of Mito80X Red using
ubiquinol significantly decreased 120 minitey following hemorthagle shock, the MF1 without

using ubiquino! continned to increase. The study suggest tut uhiquing scavenges leukocyte

2I
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mitochondrial Q7™ when it was found that Oy~ decrrased following Suid resuscitation in the
ublquine] group comparcd with the control group. The oxidant, HpD; is involved in the
phyxiology and signaling of calls. In one mudy following hemomhagic shock, dopamine
decreased the level of H;0; in et dinphregmz.’ In aim #1, the concentration of By in the
dizphragms were cignificantly less in tha enimala that wers administersd uhiquinel, when
eompared with the control group. Dispheagmaiie ROS could pousibly be decreased if ubiquino]
is naed post-hemorrhagic shock before resuscilation with fluid, contractile functiom would
recaver and resplratory Impeizment risk decrease. [t is well known that there i3 3 vorrelation with
ingresed ROF and apoptoals,”® Organ damage and apoptosis are asgoctated witk hemerrhagic
shock and infury from reperfosion. Apopiosis is decreased following antioxidant edministration
fn an animal hemorrhagls sheck model.? Bydrogen peroxids productlon comesponded with the
reduction of antioxidants In apoptotic celis.™ In the latc stages of bemorrhapic shack, post
hypaxlo-reperfuston, ralsed Lavels of ROS in organs cawse damage 1o the mitochondria thar ean
lead to apopiasis and result in organ damage and eventually fellurs, It was concluded by
Kolamunne et al. (2011) that a higher O, exposure was the causa of cell death after notleing a
decreass of On in hypoxdc candise myeblasts. Our aim #1 findings werc slmilar to Kolamunne
In that there was notl a significanl inereage in the ubiquino] proup for presence of Ou™ in the
mitochondria, witk & corresponding low percent apoplosls. In addition, it way fommd that tha ni=
of uhiquinol pre resuscitation redueed diaphragm and lung apoptosis, suggesting nbiquinol has
anticxidant properties, The antenuation of apoptosis acthvation results from a decrease in ROS,

The data for nim #1 suggest ublquinel may weefiul ax s wpplemental treatment for
hemormrhagic shock and resusciiation infury due to the following: A reduction of Teucocyte 05" In
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the mitochandriz, a decrease in Hy0; concentration in the dlaphregm, and reduced hump and
diaphragrn apoptosis.

ATM #2: To evameine the cffect of Co(10 In the mlrrocirculafion ax a ireatimend for HS,

The adsainlstradon of ubiquinol following bemonbiagic shock and fluid regusgitation has
the following ¢ffacts on mesenteric venules: leukocyts adherencs reduction, mast cell
degramuiation attenmation, and lessens the vascular permeability and ROS level increascs.

The balance between pro-adhesive and hydrodynamic dispersal forces are the
determining factors affecting leukocyie adherencs to the venuiar wall, There ars a variety of pro
inflammatory mediators that are pro adhesive forces much a3 acohvating factar (PAF), histamine,
platelcts, and levketrienss which are involved in cells of the endothelivm and leukacyte
receptors, stimulsting rolling end adbssion of the leukocytee M Activated endothelial cells caused
from e mized Jovel of ROS and contribute to ranscription-dependent adhesion molecule
systhesis and expression.?”* An ant-adhesive forca 1s the movement of bloed flow, which
propels Teukocytes sround the endothelial yarface, Yenular well shear rate iy the estimation
repreacaiting the leukagyte ndherence interferemce cimsed from the hydrodynamic dispersal force
generatzd at the vessel wall, Duting o thme throughont the experliuents were there any
significant differences berween the control and ubiguinol groups for shear rate. The differences
berween the groups for adherent Jeukoeytea might be the result of pro-adhesive force differences.

Reactive oxygen specles reductlon 10 the mlcrocirculation of the mesentery otoun fiom
(he entioxldant, ubiquine?, therefore the transcription-dependeet adhesion malecnle xynthesis and

capression may be inhiblted. Platelet nctivating factor (PAF) and lenkotrienes are important
inflammatory medistors that have craclal development function o microvascular inflammatory

rexponse to hemarrhagic =hock snd fluid resnscitstion induced ischemin-reperfusion.®’
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Adhsarance of Irukocytes stivvulated by the release of PAF al1o increased leukocyts superoxide
production superoxide dismutaso stops PAF generated adherence of leukocytes.™ In our
study, we found that adminlstzzing whigquinol prior to fluid resuscilation may reduce PAF
induced leukocyla adhersnce by lowering lavels of ROS, In addition, ubiquinel may decrease
mast ool degramulation post 120 minutes of Duld resuscitation. Yarious inflammertery medistors
{i.¢., 2arotonin, kinogenases, histamine, ryptase, phosphoiipases, =ic.) are rcleased during mast
cell degranulation as well as strengthen the inflammatory responses in the microcirpulation. ™

Reperfusion infury that accurs post hemarhagio shock and treatment with fluid
reguscitation can be minimilzed by hindering degrenulation of the mast cells, A mast cell
stabilizer by tho name of cromelyn and the antioxidant knewn as lpode acid was detected 1o
block degranulation of mast cells, thus decreasing ROS, vascular permeability, and adherence of
lsukocytes.™ Blood flow and decreased hemoglobin concentration wes most Tikely the cause of
mesenteric hypoxia. Ovher studies indicated that I homeostasls does not ooour between ROS
and nitric oxide, mast ocll degranulatinn may be initieted and sn incressed adbesion of
levkocytes ta the endothelivm.?'* [n our shudies, il is possible thas ubiquina] is responsible for
decrenying ROS levels and degranulstion of raast cells, Comparable to other sudies, Ischemia-
reperfusion ptimulated vapeular permeabflity to FITC-albunln in the contrel group. ?* Varied
FITC-albwitin pattemns accrued along the venule walls, suggesting leakage 1o the vasculature
following hemomhagic shock and fhald resuscitation,

Histanine and serotonin infiammatory medintor activation and vescular endothelial

growth factar (VEGF) cause changes in the vascular ultrasiructure and lucrenss permeability.™
{hanges in the vascular Integrity ocour from the involvement of ROS. Resctive oxygen specles

ar: pogvenged by ubiquinel, when this bappens vascular permeability is decreased by a reduction
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in histamine and serotonin release by mast cells In gur srudy, ubiquine! administered past
bemorhagic shock decreased ROS in the venelar well of the mesentery, When ublquinal was not
glven, an increase In ROS occurred during the perind of 120 minutes following fluid
resuscitation, thus causing barm 1o the mictecirculation,

Microvescyler inflammation and degranulation of mast cells are couzed by a miease of
inflammatary mediators into the circulation from activation of alveolar macrophages during the
hypoile conditions that accur from hemonhagle shock and fiuid resuscitation.®” Endothelial ccll
agiivalon and production of ROS increases, s well as a decresse in nitrfe ooxide ocur durdng
this rime of ischemia‘reperfusion.™ The nitric oxide and ROS imbalance that happeny during
reperfusicn iterenses increased degramelation of mast cells, adherent leukocytes, and vascular
permeability in the contesl group, ar repezfialon injury.

tn our stady, administering ubiquinol ztitamated KOS production that resutts post flutd
resuscitation, thus nimtaining mast cell strength, decreasing leukocyte adhesive lntemetions in the
endothelium, and vaseular permeablliy reduction. The data for elm #2 coneludes thar vhiquinel
protect organs and circulation of the miccovasculaturs from the injury that happens because of
reperfusion with fuids following hemorthagic shock.

EfTect of problems or obatacles o the resnlis:

As reported in the last annnal report for Year 2, we encoumntered some challenges with the
expeziments related to vaseutar peomeability and micracirculation ROS production. The
microscops that was used for all miczocirculation experinients has two light souree chanpels with

two different cameran: bright fizld and Aucrescence, We used the bright field camera for the
mast cell degrardeation sxperiments. Usa of FITC-1abeled bovine alburmin in the vascular

permeability experiments requires ewilching the bright field camera to fluarescence. However,

rdi
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for the frat two experiments, the switch failed 10 mecexciully alternate to the fluorescence
camera. We solved this problem by obtaining assistanze from a microscopy spatialist fom the
Imaging Center at University of Kansas Medical Center. He teated the microscope and found a
way in which we could swilch the cameras magually, Therefore, we were able to visuatize the
veaules by carefully switching the cameras manually for cach microcirculation expériment. The
results were not affected hy this problem.

ldentifying the optimal concentration of FITC-labeled bovine usad for artsrial injection
was challenging. At the beginning, n higher concemraticn of FITC-labeled bovine albumin was
nped and the intravazcular flucrescence intansity was too belght and caused an amtomatic s off
by the Quirescence camera, We tests] different concentrations to obtain better fluoreacence
coutrast between intravascular and extravescular spaces and had fund that 50 mgfkg is an
appropriate dose, Slnec then, we have been successfully obtaining quality of fluaressence Images
i ewaluate vascular permenbilicy.

Dhring the proctss of converting and snalyxing trmsges from the firsl fow mast cell
depranulaticn experimenats, we found that the gray scale-phass faverted images wers too dark to
detect any light intensity. We consulted with microcirculation specialist Dr. Wood and be
suggealed wishing off the super-pecfused ruthenium red solution on mesentery prior to recording
images, $ince we texted and applisd thiz method o wash off excesalve ruthenlum red sohrtion

covering the mezentery, we have been abla to meazure light intensity of mast cell 1o evaluate its
degree of degranulation,

With vascular permeabiliy stadies t was difficult on some days to find mesenteric that
had sufficient flow ot did ot bave bifurcations. To overcame thase difficulies, we spert more

time acarching the various venules and it sometitoes requinsd up to an hour or longer to find an
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adequats wveasel, Thus, adding additional time for scarching For venules asslated us with
overcoming this obstacle

The major obstacles with the ROS experiments was performing theze experiments in the
dark and remembering to add additional DHR to the veouls to engurs thers waa adequats dye for
RS meeswrcments. We pvercame these obstacles by uzing imers to remember to add the DHR
salutien and using our smian phones with Mashlights to asslst with data recording and to visalize
ow catheters when peeded.

Liwaltations:

There arc three major limitations of this stody. First, these finding are i rats and would
not be generalizable to humans, Thus, thers will need to be tanslational shudies {n humeana
before this can be implementsd in practice. The second limitation s the use of inravenoua (TV)
ubiquino! in hamans. i Eurgpe, Japan and China ubiquino! ls avellable In en TV form, However,
in the U.S., it is currently not available to give [V end there would need 10 be approval before
uging ubiquined in this formulation, The third limitation is the requiressent for imediate
measurement of O uslng & flow cytometar. This requires reservation of the strument and the
time available ta teal the sample, which iz not always possible.

Coachision:

The completed expetiments related to AM ¥ | auggests that administering I'V Co}10
following hemombagic shock and during fluld resuscitation has significant effects on redusing
the production of reactive oxygen epecies (hydrogen peroxide and superoxide) in the lung,

disphrepr, and mitochondria in l=ukocytes. In addition, IV CoQ10 significamly reduces cellular
injury (meagured by percent of apoptosis) in (he vital organs such 89 the lungs and diaphragm.
COur mlcrockeulation dats for AIM #2 mlan indicate that adding [V Cot}10 to the finid

F-L)
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requscitation regimen following bemorrhegic shock effcetively decreases lenkocyte adherence,
mast col] dagrermletion, vescular permeabilily, and microvagoular ROS. Thia suggests thet
adding 1V Co(Ql0 could substantially reduce microcirculation Inflammation and infury that
cocurs with reperfusion injury, Therefore, adminlstering CoQ10 following hemerrhegic shock
may help prevent cellular damage caused by hemorthagic shock tha often Jeads to the organ
Exilure. The data for ATV #1 have been saccessfully disseminated in presentations and published
in Expertmental Physiclogy, The damm for AIM #2 have been successfully disseminated in

presentations and have baen aceepted for publication in Physiofoplea! Reporss.




Prineipal Investigator (Pleres, fanst, Dorean) USU Project Mumbas, WM11-C02

Significance of Study or Project Reaults io Milltary Nursing

Yany military personnz! in the reocnt Operations Ln Ireq and Afphanistan herve exporlenced
hemorhagic shoek ™ Wilk most hemorthage-related deaths occurring 6 howrs post-Injury, it
should be a priority for military nurses to establish an efficlent mode of treatment in order to
improve survival retes emang war-fighters and other operationsl persennct. Military and clvllian
personncl nead research evidenss to base thelr practice related to resuscltsion Gerapy in
hemorrhagic shack patients. Since resuscitation can rexult in calluler infury end multiple argan
failure, it iz essential to deterning the optimal mods of treatmen thal limils lueg, disphragm, and
microvaselaturs cellular damege. With U.S, caaumlties originating in 1raq and Afghanistan, thete
s a renewed genge of urgency to find the best method of recovery for military personnel following
hemorthagle avents. While cwrent practices are lifesaving, they mry oot alweys restore normal
cellular mnd organ Fnciion.

The resuhts from this study are significant to military oundng becauss the findings show a
decrease in ¢ellular damage and organ damage as mensured by levkocyts presence in the bloed,
lung and diaphragm apoptosis, and diaphragm hydrogen peroxide concentration. In addidon, the
darmage 10 the mlcrociroulation as measured by leukocyic adhercnos, mast cell degrarmlation,
vascular permeab{lity, and reactive axypen species presence el improved with the sddiion of the
supplement ubiguinel 1 the bemornhagic shock treatment protocol. The results support previons
suggestons of ublquingl being » [ree radical scavenger, a decteass o oxidative sliess that is
produced following hemorhagic shock. Our experiments that were conducted with an audtal

models puts military nurying one-step closer to beginning trunslstlonal processes in the fleld,
possibly increasing the surviva! for the wounded wamiprs. The repills of these exporimnents have

the potental to change practice by providing knowledge needed for measuring patiept outcomes
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experiencing free radical damape fallowing 2 hemorrhagic event. O study examined factors tiat
alTect the health care of operational personne) that experience hemorhagic shock. The results of
chis srady indleate ukdiquinol can be used a potential treatment for hemorrhagie shack and lend 10
improving health outegmes for those we care for that have Jife threarening conditions, resulting in
better carc for the war-fighter. +

The results indicate that CaQ10 can be a chemizal adjunct to curreni cesuscitation
treatments that may ultimately work to reducs the damaging ¢f¥ects of HS and resuscitation. The
resultzof this study reveal that usiog e blood test for the presences of leuko cytes may acl a3 p
blomarker for oxidative stress during hemorrhagic shock, and the administration of chiguingl
added to the proecol 1o decrease the oxidative stress and accompanying cellular damage and organ
death. The possibility of reducing cellular Injury can prolong life and promote heatth of tauma
patlents, milltary and clvillan, For military morses, hemnombiagie shock pecurs in many life-
threatening shuatlons, If s more optimal made of thezapy for hemorthagic shock were established,
much as the additlon of ubiquine!, i would allow military nurses to provide care that is more

efficlent for the warrioe and other mililary personnel,

Military nursing clinical practice could benefit from tha results of theas awdies should the
puidelines for hemorrhagic shock resuscilation inghdes the addition of Co(X10 used to prevent
multiple organ damage by decreasing oxidative stress, Cur data expands the body of military.
relevant sclentlfic knowledge and withistely imprave the ability to provide propes and high-
quatliy care for opecational peraonnslvho suffer from hemorhegie shock. Lasty, the reauls of

our aludy jndicate thet carlng For all entrusted o our care could lead to improving heallh
outcomes for these we care for thal ar o lifs hisatening situstions, resulting i better care for
the war fghter,
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Changen in Clinical Fractice, Leaderablp, Management, Edwcation, Pelley, and/or
MUltary Doctrine that Resulted frow Stedy or Profect

Nooe to dale.
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Fional Bndget Repont

Table 4 summarizes how moch menies were expensed tn each eategory for the three-year
granl perlod, no funds remain, Attached is an official fina! budget from the Kansas University
Medical Center, There were sufficlent funds for the expenses of this study. The Sebi acquired in
the other operating ¢xpenses category was $3410.91 and $3,673.31 in the supplies catzgary. This
debt wes covered by reallocating the remalning balance in the personne] catcgory of $3,191.93
{other operaling ¢xpenses: $4,518.62, supplien: $2,673.31). Following reallocation of funds to
the other eperating expense category from the personne] category, & debt of 892,29 =l exixt
anid wap covered by the reallocation of $780.73 from capital outlay 311156 from the travel
category. Since these amounts were loss than 104 of the total amount of the awarded funds, an
addendum was not NEGESARFY.
Tuble £, The stan, expensed, reallocated, and remalning balances in the pergonnel, travel, other

operating expenzes, supplies and capital outlsy categories.

Start Expensed Reallocated Remalolng
Balance _ Balance
Parsannel $234,456.00 522626407 | $4.5189.62 (o other $0.04
operating expenses)
$3,67331 (o
supplies}
Trevel 32,000.00 $1888.44 $111.56 (to other $0.00
operaling expensas)
Crther £10,688.00 £16,098.91 $0.00 30.00
Operating
%ﬁ
Supplies $17.6856.00 $21,359.27 F0.850 $0.00
Capital 334,985.00 $34,204.27 $780.73 (to other $0.00
| Cratlay operaling expenses)
Total $209,815.00 $259,815.00 $2.064.22 30.00




